Abstract BACKGROUND: Unplanned readmission of patients who undergo appendectomy is a relatively frequent occurrence. Our aim was to report the most common reasons and the predictors of unplanned readmission after appendectomy.
RESULTS:
We evaluated a total of 46,960 patients who underwent appendectomy. Of these, 18.5% had perforated appendicitis. Overall, 1,755 (3.7%) of patients had an unplanned readmission. The most common reasons for readmission were intraabdominal infection (27.3%), nonspecific abdominal pain (7.9%), and paralytic ileus (4.6%). Factors such as perforated appendicitis (adjusted odds ratio [AOR], 1.38; P < .01), preoperative sepsis (AOR, 1.30; P <.01), and dirty surgical wound (AOR, 1.91; P < .01) were associated with unplanned readmission.
CONCLUSIONS: Overall, 3.7% of patients who underwent emergent appendectomy had an unplanned readmission. Intra-abdominal infections and nonspecific abdominal pain are the most common reasons for readmission. Unplanned readmissions are predominantly related to postoperative complications and severity of disease.
Hospital readmission with an incidence rate of 4% to 13% after appendectomy is relatively common in children. [1] [2] [3] Readmission significantly increases hospital costs and is closely associated with morbidity after appendectomy. 1, 2 More important, hospital readmission is a marker for quality of care which is attributed to substandard care during the index hospitalization, poor resolution of the main problem, and inadequate postdischarge care. 4 Recently published studies show that 12% to 75% of readmissions may be preventable by pre-discharge assessment, patient education, and postdischarge care. 4 Investigation of factors associated with hospital readmission will improve hospital care and clinical outcomes.
A number of recent studies have reported relatively high rates of hospital readmission after appendectomy in children (8% to 13%). 1, 2 Numerous factors including the disease stage and management approach (such as appendectomy, drainage, and antibiotics therapy only) have been reported to be associated with readmission after appendectomy in children. However, there are limited published data investigating readmission after appendectomy in adults. This study aims to investigate and report predictors of unplanned readmission after appendectomy in adults.
Methods
A retrospective study was conducted using the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) database during 2012 to 2013. American College of Surgeons NSQIP is a nationwide outcome-based database which provides preoperative to 30day postoperative information of surgical patients based on clinical data in the United States. 5 We analyzed the available data on patients with acute appendicitis who under went urgent and/or emergent appendectomy. To be eligible for the analysis, patients were required to have the diagnosis of acute appendicitis based on the International Classification of Diseases, 9th Revision, clinical modifications (ICD-9-CM) codes of: 540.0-540.9. The ICD-9 code of 540.0 was used to find patients with acute appendicitis with perforation with or without peritonitis. The ICD-9 code of 540.1 was used to find patients with acute appendicitis with perforation and peritoneal abscess, and the ICD-9 code of 540.9 was used to find patients with acute appendicitis without perforation, rupture, or peritonitis with or without gangrenous. Patients who had ICD-9 codes of 540.0 or 540.1 were considered to have a perforated appendicitis with or without peritonitis or abscess. We only included patients who underwent appendectomy based on the current procedural terminology codes of 44,950, 44,960, 44,970, and 44,979. We excluded all patients who underwent appendectomy concomitant with other major procedure and patients who had elective operation. Unplanned readmission was defined based on the original NSQIP variable which was readmission (to the same or another hospital), for any reason, within 30 days after the principal operative procedure. The readmission has to be classified as an ' 'inpatient' ' stay by the readmitting hospital, or reported by the patient and/or family as such.
Numerous patient and operative factors were analyzed including: demographic data (age, sex, and race); comorbid conditions, such as chronic steroid use, congestive heart failure, renal failure with need for dialysis, diabetes mellitus, severe chronic obstructive pulmonary disease, ascites, and hypertension requiring medication. Other factors analyzed included: American Society of Anesthesiologists class score, body mass index, operation length, hospitalization length, preoperative white blood cell count, surgical approach (open vs laparoscopic), presence of complications (peritonitis or peritoneal abscess), and wound classification (clean, clean-contaminated, contaminated, and dirty). The primary end points investigated were prevalence, reasons for, and predictors of unplanned readmission.
Statistical analysis
The statistical analysis was conducted using the SPSS software statistical package Version 22 (SPSS Inc., Chicago, IL). Multivariate statistical analysis using logistic regression was conducted to estimate the association between perioperative factors and unplanned readmission. Multivariate logistic linear regression analysis was used for linear outcomes. Risk adjustment was done for all variables of the study including demographic data, all comorbid conditions, hospitalization length, body mass index, disease stage, wound classification, surgical approach (open vs laparoscopic), preoperative white blood cell count, and operation length. The adjusted odds ratio with a 95% confidence interval was calculated, and P values less than .05 indicate statistical significance.
Results
A total of 46,960 patients underwent appendectomy for acute appendicitis were identified during 2012 to 2013. The median age was 36 years, and most the patients were Caucasian (83.6%) and male (51.8%). The most common comorbidities included hypertension (16.4%) and diabetes mellitus (4.8%). Demographics of the patient population based on unplanned readmission are described in Table 1 . Among all the patients who met inclusion criteria, 81.5% had acute appendicitis without peritonitis, 5.7% had acute appendicitis with peritoneal abscess, and 12.8% had acute appendicitis with generalized peritonitis. Laparoscopic approach was used for 90.4% of patients, and 9.6% of laparoscopic procedures were converted to open surgery. Overall, 1,755 (3.7%) of patients had unplanned readmission within 30 days of operation. Of these, 82% of unplanned readmissions were directly related to the appendectomy procedure.
Overall, 1,755 (3.7%) of patients had unplanned readmission within 30 days of operation. Of which 81.8% of unplanned readmissions were directly related to the appendectomy procedure. Patients with unplanned readmissions doubled their risk of mortality compared with patients without (adjusted odds ratio, 2.62; P 5 .01). The most common reasons for unplanned readmission after appendectomy are reported in Table 2 , with intra-abdominal infections (27.3%), unspecified abdominal pain (7.9%), and paralytic ileus (4.6%) being among the most common causes. Table 3 describes the associations between perioperative variables and unplanned readmission. Factors such as open surgery, perforated appendicitis, hospitalization more than 3 days, preoperative sepsis and/or septic shock, bleeding disorders, chronic steroid use, and operation length were associated with unplanned readmission. Fig. 1 reports timing of unplanned readmission after appendectomy. Overall, 71.3% of readmissions were occurred within 2 weeks of the operation. Also, 15.3% of patients with unplanned readmission required reoperation.
Comments
Unplanned readmission is uncommon for adult patients undergoing appendectomy. However, it is associated with a significant increase in mortality. We observed that most unplanned readmissions after appendectomy are directly related to the procedure rather than any changes in patients' comorbid diseases (81.8%). We found the rate of unplanned readmission after appendectomy in adults was about 3.7%, which is lower than the 4% to 13% readmission rate in children. 1, 2 Considering that the disease stage, mortality, and postoperative morbidity are generally similar between adults and children, the lower rate of readmission after adult appendectomy may be related to the inability of NSQIP to track all patients readmitted after appendectomy because of hospitalization in hospitals other than NSQIP registered hospitals. 6 Nevertheless, the higher rate of readmission after appendectomy in children may be related to insufficient education to the patient and parents. The readmission rate after appendectomy in children may be reduced by parent education, explaining possible postoperative expectations, and potential complications. This education process should start preoperatively and include clear discharge instructions as well as follow-up details. Our study results show that intra-abdominal infection is the leading cause of unplanned readmission after appendectomy. Similar results have been previously reported in children. 3, 7 Intra-abdominal infection is a common problem after appendicitis, which consumes approximately 11 million hospital days each year in the US. 8, 9 Early detection and appropriate management of intra-abdominal abscess, and proper use of antibiotics (such as those set forth by the Surgical Infection Society and the Infectious Diseases Society of America) may decrease the rate of readmission for intra-abdominal infections. 8 We have found that unspecific abdominal pain is the second most common reason for readmission after appendectomy. Investigation of postoperative complications such as intraabdominal infections should be done for patients with abdominal pain after operation before discharge. In addition, preoperative abdominal pain may continue postoperatively in patients with falsely positive appendicitis. Such patients require additional work up for the cause of abdominal pain after appendectomy. Also, proper education regarding the postoperative expectations may decrease readmission rates in patients with unspecified abdominal pain. Our results show that paralytic ileus and/or obstruction is the 3rd most common cause of unplanned readmission. The incidence of postoperative paralytic ileus and/or obstruction has been reported to be .16% to 10.7% after appendectomy. [10] [11] [12] Serious postoperative complications such as intra-abdominal infections and colonic perforation must be ruled out in patients with paralytic ileus. Although the degree of intraoperative inflammation appears to be related to this phenomenon, 13 the highest rate of paralytic ileus and/or obstruction has been reported in patients with the normal appendix. 11 This may be explained by searching in abdominal cavity for other pathologies that must be ruled in presence of a normal appendix, which is associated with activation of proinflammatory cytokines and subsequent adhesion formation. 11, 14 We found that most patients with acute appendicitis underwent laparoscopic appendectomy. These patients had significantly lower rate of unplanned readmission compared with patients who underwent open appendectomy.
Laparoscopic appendectomy has been reported as the preferred method in managing acute appendicitis compared with open surgery, with significantly lower rate of infectious complications. 15 However, the choice to start with an open procedure likely is a reflection of disease severity and/ or surgeon preference guided by disease severity rather than inaccessibility of laparoscopic equipment in most centers, and surgical approach is not always a choice that can be modified to prevent readmission after appendectomy.
Patients with complicated appendicitis may require a higher level of postoperative care. This study found a number of factors which are statistically associated with unplanned readmission after appendectomy. We have found that readmissions were more frequently attributable to the disease stage. We have found that patients with acute appendicitis with perforation have a significantly higher risk of unplanned readmission. In addition, there is a significantly higher rate of unplanned readmission in patients with preoperative sepsis and/or septic shock. Similar findings were reported previously.
2 Also, patients with dirty surgical wounds had a significantly higher rate of unplanned readmission. Associations between sepsis, white blood cell count (WBC), dirty surgical wound, and perforated appendicitis with unplanned readmission reinforce the association between disease stage and unplanned readmission. However, we could not find any significant associations between the presence of postoperative complications during hospitalization and unplanned readmission. This could be related to the short median hospitalization length for patients with appendicitis (1 day) and a big percentage of postoperative complications (40.7%) happened after discharge. For other factors which are statistically associated with unplanned readmission it is unclear if the correlations are clinically significant. However, comorbidities of bleeding disorders and chronic steroid use may be clinically relevant associations with unplanned readmission. Vitamin A may dampen the inflammatory response of corticosteroids before appendectomy. 16 Also, in patients with the history of bleeding disorders, correcting the bleeding disorders preoperatively, and using a multidisciplinary approach (such as hematologists and specialized nurses) in the surgical management for such patients may decrease risk of unplanned readmission. Patients with complicated appendicitis, bleeding disorders, and chronic steroid use are potential targets for hospitals working to reduce postsurgical readmissions. Hospitalization length may predict the risk of postoperative readmission after appendectomy. We have found that the median hospitalization length is 1 day for patients with acute appendicitis. However, patients who were hospitalized for more than 3 days had a 31% increased risk of unplanned readmission. Discharge within 48 hours of appendectomy is safe in selected patients and does not put patients at greater risk for readmission. One reason may be that healthier patients with an uncomplicated appendicitis are more likely to be discharged within 48 hours of operation and have less risk factors for readmission. Similar results have been reported after general, vascular, and thoracic operations. 17 Longer initial hospitalization in patients requiring readmission can be related to the undiagnosed complications during the first hospitalization as we found a large portion of postoperative complications after appendectomy happen after hospital discharge. Although patients with hospitalization longer than 3 days had higher rates of inhospital complications, there was no significant association between the presence of in-hospital complications and unplanned readmission.
Our analyses identify several factors that influence hospital readmission which can provide clinical insights into the identification of high-risk patients. Adequate perioperative care and early detection and adequate management of complications may decrease the risk of unplanned readmission. Also, evidence suggests that patients education may decrease the readmission rate. 18 Our study shows that only a small percentage (15.3%) of patients with unplanned readmission requires reoperation. Considering that a large portion of patients were discharge from the hospital the day after operation, and the rate of readmission is obviously higher in the 1st week after operation (Fig. 1) , improving postdischarge care as well as patients education may decrease readmissions rates. Finally, it is essential to note that many unplanned readmissions may be unavoidable and related to the stage of disease or poor general conditions of patients, and surgeons should not be deterred from readmitting patients because of concerns about quality measure performance and resulting consequences.
Study limitations
This study is a large retrospective review based on administrative data, and as with such studies, is limited in its ability to produce cause-effect relationships. Data in this study were extracted from the discharge data and coding errors may potentially have occurred. 19 The study's data have been collected from more than 500 hospitals across the United States and the wide variation in hospital setting, hospital quality, surgical strategy, and surgeons' expertise may confound the study. Using large databases small differences between groups of patients may reach statistical significance. However, they may not have true clinical significance. ICD-9 separates patients with perforated appendicitis from patients without perforation. However, in the perforated appendicitis group it is impossible to separate patients with peritonitis from patients without peritonitis using ICD-9 codes. Also, in the nonperforated appendicitis group it is impossible to separate patients with gangrenous appendicitis from patient with catarrhal appendicitis. Although ICD-9 clarified perforated appendicitis with gangrenous appendicitis, it is difficult to separate perforated appendicitis from gangrenous appendicitis, and some patients with gangrenous appendicitis may have perforation which was not reported. This study finds 5.7% of patients with acute appendicitis who were operate emergent and/or urgently had peritoneal abscess. However, some patients with acute appendicitis and peritoneal abscess do not get an appendectomy urgently and the reported number probably underestimates the actual rate of peritoneal abscess in patients with acute appendicitis. The NSQIP database did not collect some important information such as management of readmitted patients and hospital charges. Also, NSQIP does not include information of patients younger than 18 years old. Despite these limitations, this study is one of the first to report predictors of unplanned readmission after appendectomy in adults.
Conclusions
Unplanned readmission occurs at a rate of 3.7% after appendectomy in adults. Although only 15.3% of readmitted patients required reoperation, the mortality risk of readmitted patients is increased considerably. A large proportion of readmissions occur within the 1st week after surgery and 82% of readmissions were directly related to the appendectomy. Intra-abdominal infections and nonspecific abdominal pain are the most common reasons for readmission. Unplanned readmissions are predominantly related to postoperative complications and severity of disease. Among comorbid factors, patients with bleeding disorders and chronic steroid use are potential targets for hospital efforts to reduce postsurgical readmissions.
